Background. There is little information about the efficacy of active alternative drugs to carbapenems except β-lactam/β-lactamase inhibitors for the treatment of bloodstream infections (BSIs) due to extended-spectrum β-lactamase-producing Enterobacteriaceae (ESBL-E). The objective of this study was to assess the outcomes of patients with BSI due to ESBL-E who received empiric therapy with such drugs (other active drugs [OADs]) or carbapenems.
Any information about the efficacy of alternative empiric regimens for ESBL-E infections may help reduce the use of carbapenems. Recent data suggest that β-lactam/β-lactamase inhibitor combinations (BL/BLI) are good alternatives when used at appropriate doses, at least in many clinical situations [5] [6] [7] . However, there are few data on other antimicrobials; a recent meta-analysis showed higher mortality with empiric use of drugs other than BL/BLIs when compared to carbapenems [8] . However, many of the studies included did not stratify the data according to whether the isolates were susceptible or resistant, so that the negative impact on outcome could simply reflect the use of inactive drugs. Because a significant proportion of ESBL-E may be susceptible to alternative agents, any information about the potential efficacy of these alternative drugs would provide more options for empiric treatment when coverage of ESBL-E is needed.
The objective of this study was to assess the impact of empiric therapy with active drugs that were not carbapenems or BL/ BLIs ("other active drugs" [OAD] ), with a specific focus on aminoglycosides, on the outcomes of patients with BSI due to ESBL-E, and to compare these with carbapenems.
METHODS
We hypothesized that empiric treatment with OADs, including cephalosporins, aztreonam, aminoglycosides, fluoroquinolones, fosfomycin, tigecycline, and colistin, would be associated with higher mortality and lower cure rates compared with carbapenems. This hypothesis was constructed by merging others previously registered in the INCREMENT study (ClinicalTrials. gov identifier NCT01764490) that could not be investigated independently due to insufficient numbers of patients (Supplementary Table 1 ).
Study Design, Sites, and Participants
This study is part of the INCREMENT project, a multinational, retrospective cohort study of monomicrobial BSIs due to ESBL or carbapenemase-producing Enterobacteriaceae, diagnosed between 1 January 2004 and 31 December 2013. The methodology has been previously described in detail [7, 9, 10] . In summary, each center was asked to include up to 50 consecutive episodes of BSI due to ESBL-E, detected at each site by reviewing the microbiological records and bacteremia databases. The cases were included at 37 centers in 11 countries (Spain, Germany, Italy, Greece, Israel, Turkey, South Africa, Canada, United States, Argentina, and Taiwan). All patients were followed for 30 days after the day the blood cultures were taken (index date).
All patients with BSI caused by ESBL-E from the INCREMENT cohort who received initial therapy with an in vitro active carbapenem or OAD, either in monotherapy or in combination, were eligible for this analysis. Patients were included if the antibiotic was started <24 hours after the blood cultures were obtained. Patients who died within ≤24 hours after the blood cultures were obtained and subsequent episodes in the same patient were excluded.
The Institutional Review Board of the Hospital Universitario Virgen Macarena approved the study. Approval was also obtained at each participating center according to local requirements; the need for informed written consent was waived because of the observational nature of the study. This analysis was reported according to strengthening the reporting of observational studies in epidemiology (STROBE) recommendations [11] (Supplementary Table 2 ).
Variables and Definitions
The main outcome variable was 30-day all-cause mortality. Secondary outcomes were clinical failure at day 14 and length of hospital stay after BSI. Clinical failure was defined as death or a clinical situation similar to or worse than the first assessment or death due to any cause. The main exposure of interest was empiric antibiotic therapy with either an active carbapenem or OAD.
Other data collected included demographic variables; onset of infection (nosocomial [eg, presenting after 48 hours of admission] or community); chronic underlying conditions and severity according to the Charlson comorbidity index [12] ; acute severity of baseline condition according to the Pitt score [13] ; source of infection according to Centers for Disease Control and Prevention definitions [14] ; presentation with severe sepsis or septic shock [15] on the index date; microorganism; and targeted antimicrobial therapy (administered once the susceptibility results were available). The previously published INCREMENT ESBL score for predicting 30-day mortality in patients with BSI due to ESBL-E, which included age, Klebsiella species, severity of underlying conditions, Pitt score, and presentation with severe sepsis or shock [10] , was calculated for each patient.
Overall, antibiotic therapy was considered active if the isolate was susceptible or intermediate in vitro (see below); we included intermediate isolates as the outcome was mortality but performed a sensitivity analysis including only susceptible isolates. When only 1 active drug was administered, treatment was classified as monotherapy (regardless if other inactive drugs were administered); if >1 active drug was administered, it was considered to be combination therapy.
Standard phenotypic methods [16] were used at each participating center to test for ESBL production in isolates with diminished susceptibility to cephalosporins. The ESBL had been characterized in some isolates according to local objectives unrelated to those of this study, by polymerase chain reaction and DNA sequencing. Susceptibility was studied using automated systems or disk diffusion method and interpreted using 2010 Clinical and Laboratory Standards Institute (CLSI) breakpoints [16] . For isolates obtained before 2010, the category was reinterpreted according to minimum inhibitory concentration (MIC) or inhibition zone diameters, using the 2010 CLSI criteria. When these were not available, the category provided by the local laboratory was used.
Statistical Analysis
Categorical variables were compared by the χ 2 test or Fisher exact test as appropriate, and continuous variables by the Mann-Whitney U test. The variable "center" was dichotomized as "high-mortality" or "low-mortality" hospital using TreeNet (Salford Systems, San Diego, California), controlling for all other variables. Univariate and multivariate analyses were performed using Cox proportional hazards regression and logistic regression analyses to identify associations between exposures and mortality until day 30 or clinical failure at day 14, respectively. A propensity score for receiving OAD was calculated as previously reported [7] ; its predictive ability was estimated by calculating the area under the receiver operating characteristic curve (AUROC) with 95% confidence interval (CI). The propensity score was used as a covariate in multivariate analysis and for matching (see below). Variables with a P value ≤.2 in univariate analysis were included in the multivariate models and selected manually using backward stepwise regression. The variable "empiric treatment" (with OADs or carbapenem) was forced into the models. Interactions between empiric therapy and several covariates were explored. We calculated the variance inflation factor value for every variable included to check for collinearity. Sensitivity analyses for 30-day mortality were performed including changes in inclusion criteria and specific subgroups. A stratified analysis was also performed of patients with low (<11 points) and high (≥11 points) baseline mortality risk according to the INCREMENT ESBL score, as this cutoff appropriately defined patients with low and high risk of death [10] . Finally, patients treated with OADs and with carbapenems were matched (1:1) by the propensity score. Mortality in the matched pairs was compared by Cox regression. Statistical analysis was carried out using the SPSS software program (SPSS 21.0, IBM Corp, Armonk, New York).
RESULTS
Of 1004 patients with BSI due to ESBL-E included in the INCREMENT cohort, 357 received initial therapy with an active carbapenem or OAD and were eligible; 5 were excluded because antibiotics were started after 24 hours (none died) and 17 because they died in ≤24 hours ( Figure 1 ). Therefore, 335 patients were included: 249 were treated empirically with a carbapenem and 86 with OADs. The ESBLs were characterized in 114 (34%) isolates; 92 of them (80.7%) produced CTX-M enzymes (CTX-M-1/15: 45 isolates; CTX-M-9/14: 27 isolates; CTX-M-2: 2 isolates; unspecified: 18 isolates).
The features of patients and crude outcomes according to type of empiric therapy received are shown in Table 1 . The drugs used for the OADs were aminoglycosides (43 patients; 2 with another active drug), fluoroquinolones (20 patients; 1 with another active drug), cephalosporins (7 patients), fosfomycin (5 patients; 1 with another active drug), colistin (5 patients; 2 with another active drug), trimethoprim-sulfamethoxazole (TMP-SMX) (4 patients), tigecycline (4 patients; 2 with another active drug), and aztreonam (2 patients). In the carbapenem group, 141 patients received meropenem, 61 imipenem, 46 ertapenem, and 1 doripenem; of these, 29 received another active drug. Overall, 43 (50%) of patients who received OADs as empiric therapy were changed to a carbapenem as definitive therapy.
Analysis of the Impact of Empiric Therapy on the 30-Day Mortality Rate
Mortality among patients treated with OADs or carbapenems were 18.6% (16/86) and 20.5% (51/249), respectively (absolute difference: -1.9%; 95% CI, -8.6 to 11.2). Kaplan-Meier curves for 30-day mortality did not show significant differences between patients treated empirically with carbapenems or OADs (log-rank test, P = .69) (Figure 2 ). Crude mortality rates according to the different antibiotics used as empiric therapy are shown in Table 2 . Univariate and multivariate analyses of variables associated with 30-day mortality are shown in Table 3 . Empiric therapy with the OADs rather than a carbapenem was not found to be associated with 30-day mortality (adjusted hazard ratio [HR] , 0.75; 95% CI, .38-1.48; P = .42; Table 2 ); no significant collinearity between variables was shown. Interactions between empiric therapy and source, presentation with severe sepsis or shock, and microorganism showed no significant effects. The estimations of the associations of OADs with mortality in subgroups and in sensitivity analyses were consistent with the analysis in the whole cohort (Table 4) .
A stratified analysis was also performed using Kaplan-Meier curves on the low-risk (<11 points) and high-risk (≥11) strata of the INCREMENT ESBL score; no significant differences of mortality were found for empiric treatment with carbapenems or with an OAD (P = .381 and .976, respectively, log-rank test; Figure 2 ). Finally, 60 pairs of patients treated with carbapenems and OADs were matched according to propensity score; the HR for 30-day mortality in the matched pairs was 0.68 (95% CI, .31-1.48; P = .33).
Analysis of the Impact of Empiric Therapy on the Rate of Clinical Failure at Day 14 and Length of Hospital Stay
The univariate and multivariate analyses of the association of OADs with clinical failure at day 14 are shown in Supplementary  Table 3 . Empiric treatment with OAD was not found to be significantly associated with failure (adjusted odds ratio, 0.62; 95% CI, .29-1.36; P = .24).
In patients discharged alive, the median length of stay was 16 days (interquartile range [IQR], 9-26) for patients treated empirically with carbapenems and 14 (IQR, 10-32) for patients treated with the OAD (P = .86); linear regression analysis after adjusting for propensity score did not show a significant association between empiric therapy with OAD and length of stay (P = .26).
Empiric Therapy of Bloodstream Infection due to Extended-Spectrum β-Lactamase-Producing Enterobacteriaceae With Aminoglycosides
Of the 43 patients treated with aminoglycosides, 33 received another drug, which was active in 2 and inactive in 31 (18 a cephalosporin, 5 a fluoroquinolone, 5 a BL/BLI, and 3 others). The specific aminoglycosides used and dosing in 41 patients receiving aminoglycosides as the only active empiric drug are shown in Supplementary Table 4 . The source of infection was the urinary tract in 14 (34.1%) patients, the biliary tract in 2 (4.9%), and other in 25 (61%). Escherichia coli was the causative microorganism in 28 (68.3%) patients; 16 (39%) presented with severe sepsis or shock. With respect to targeted treatment, 24 (58.5%) received a carbapenem, 2 (4.9%) a BL/BLI, and 15 (36.5%) another drug (13 continued with aminoglycosides, 1 cotrimoxazole, and 2 a cephalosporin). The median duration of treatment with aminoglycosides was 4 days (IQR, 2-6). Mortality among patients treated with aminoglycosides as the only active drug was 21.9% (9/41); the difference with carbapenems was 1.5% (95% CI, -9.8 to 16.9), and the adjusted HR for mortality was 1.05 (95% CI, .51-2.16; P = .88).
DISCUSSION
In this study, we were unable to demonstrate that empiric therapy with OAD among patients with BSIs due to ESBL-E was associated with worse outcomes in terms of mortality, clinical failure, or length of stay than carbapenems after controlling for confounders. Although these results cannot be interpreted as that carbapenems and OADs are equally effective because of the limited statistical power of the study, this is, to our knowledge, the biggest study providing comparative information about OADs, and we would have expected at least a trend favoring carbapenems if these drugs were clearly superior. While various drugs were used as OADs, the most common were aminoglycosides and fluoroquinolones, and the estimation of their individual effect in subgroup analyses was consistent with that of the whole OAD group. Importantly, in half of patients receiving OADs, a carbapenem was used as targeted therapy. Because carbapenems are frequently considered the drugs of choice against ESBL-E and it is difficult to predict ESBL-E as the cause of an infection using epidemiological and clinical criteria [17] , empiric use of these drugs has increased. Because de-escalation is used much less frequently than it should, finding alternatives to carbapenems in such situations would help reduce overuse of these drugs. The problem is that ESBL-E are frequently resistant to multiple drugs [1] .
In the case of cephalosporins and aztreonam, the resistance is due to the ESBL itself. Their hydrolytic activity, however, is heterogeneous depending on the type of ESBL. As animal model data suggest that the activity of cephalosporins depends on the drug reaching enough time above the MIC regardless of ESBL production [18] , the European Committee on Antimicrobial Susceptibility Testing (EUCAST) and CLSI now recommend reporting susceptibility as tested irrespective of ESBL production. However, several studies showed higher mortality with cefepime for isolates with MICs ≤8 mg/L [19, 20] ; in fact, CLSI lowered the susceptibility breakpoint to ≤2 mg/L, whereas it is ≤1 mg/L for EUCAST. In our study, only 9 patients were treated with cephalosporins or aztreonam, so no conclusions can be drawn for these antibiotics.
In the case of aminoglycosides or TMP-SMX, resistance in ESBL-E may be due to the presence of resistance genes located on the same plasmids containing the ESBL genes or on additional plasmids [1] . While plasmid-mediated genes can also partly affect the activity of fluoroquinolones, high-level resistance to them is usually due to quinolone-related chromosomal mutations [21] . There is nonetheless no obvious reason to think that any of these drugs would be less efficacious against ESBL-E than against non-ESBL producers if they are susceptible. This is important because, while resistance to fluoroquinolones or TMP-SMX is very frequent in ESBL-E, a high proportion of isolates are susceptible to some aminoglycosides, although with major regional variations. For instance, amikacin is active against close to or >90% of ESBL-producing E. coli in the United States [22] or South Korea [23] , and against ESBL-producing K. pneumoniae in Spain [24] .
In a meta-analysis of randomized trials [25] , aminoglycosides were shown to be as effective as the comparators in urinary tract infections. However, because renal toxicity is also more common with these drugs, they have been used less in clinical The propensity score is included in the adjusted analysis. Variables included in the propensity score: hospital, age, sex, nosocomial or community-acquired infection, source of the infection, Charlson score, Pitt bacteremia score, and severity of presentation of symptoms (sepsis, severe sepsis, or shock). The area under the receiver operating characteristic curve of the propensity score for receiving other active drugs was 0.82 (95% CI, .77-.87).
Abbreviations: BL/BLI, β-lactam/β-lactamase inhibitor; CI, confidence interval; HR, hazard ratio; ICU, intensive care unit. a Center and propensity score are included.
b HR when propensity score was not included: 0.92 (95% CI, .52-1.65), P = .79. ( Amikacin (28 patients), gentamicin (12) , and tobramycin (1). c Aztreonam (2), fosfomycin (5), and colistin (3) d Other combinations of >1 active drugs were: tigecycline + colistin (2), fosfomycin + amikacin (1), levofloxacin + amikacin (1) .
practice in the last 20 years. Now, in the era of antimicrobial resistance, their utility must be reassessed and one possibility could be to consider them as options for preventing overuse of broad-spectrum drugs. Published clinical experience of aminoglycosides for serious ESBL-E infections is limited to case series in urinary tract infection [26, 27] . The present study included 41 patients who received aminoglycosides as the only active empiric drug; we could not find significantly different outcomes compared with carbapenems. Importantly, median duration of therapy with aminoglycosides was only 4 days, as many patients were changed to a different drug as targeted therapy. We did not collect information about nephrotoxicity, but we hypothesize that it might have been infrequent or not very relevant as no evident impact in length of stay was shown; if so, it might be explained by the short duration of therapy with these drugs. What our data suggest is that aminoglycosides could be used empirically (alone or added to a standard regimen) instead of using a carbapenem according to local susceptibility of ESBL-E for patients at risk of ESBL-E, and treatment may be tailored later according to susceptibility data, thus avoiding toxicity. This would be particularly useful for urinary tract sepsis, because the etiology will be known in most cases and also because of the proven efficacy of these drugs in this type of infection.
Our study has several limitations. Because it is not a randomized trial, unmeasured confounding variables or residual confounding cannot be ruled out. Data on clinical failure may be less reliable in a retrospective study, which is why we also measured a hard outcome such as mortality. The fact that OADs were not associated with outcomes may be due to lack of statistical power as shown by the wide 95% CIs of adjusted HRs; therefore, we would be cautious in the interpretation of these results, particularly in high-risk patients, such as those in septic shock. The number of patients receiving some of the regimens in the OAD group was too small for specific analyses to be performed. In this patient population, the underlying situation of the patients and the early initiation of any active drug seem to explain most of the outcome variability, making it more difficult to find the impact of one antibiotic over others; therefore, the results would only apply to patients with a similar background, but reinforce the message that alternatives to carbapenems should be considered in many situations. Moreover, recent changes in the epidemiology of ESBL-E should be taken into account, as our study concentrated on the period of time between 2004 and 2013. Some strengths of the study are its multinational character, the strict criteria used to assign patients to each treatment group, and the use of advanced methods for controlling confounding.
In conclusion, early administration of OADs for BSI due to ESBL-E does not seem to compromise outcome in comparison with carbapenems, and might be an option for empiric regimens for many patients, depending on local susceptibility patterns. This may be particularly applied to the use of aminoglycosides in urinary tract sepsis potentially caused by ESBL-E and would justify the design of a randomized trial; however, until more data are available, we would still recommend considering carbapenems or BL-BLI for patients at risk of ESBL-E presenting with septic shock or with a non-urinary tract source of sepsis.
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